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bf HF AD HAVING A TUNNEL JUNCTION SENSOR 
wi^FrIe LAYER BIASED BY EXCHANGE COUPLING 
WreH^^^LATWG^^^^RRO^^^^^^ (AFM) LAYERS 

BACKGROUND OF THE INVENTION 
1 Field of the Invention 

The present invention relates to a read head having a tunnel junction sensor 
with a free layer biased by exchange coupling with insulating antiferromagnetic 
(AFM) layers and, more particularly, to such a read head wherein the free layer is 
located within a track width of the read head and the insulating AFM layers are 
located beyond the track width. 

2. Description of the Related Art 

The heart of a computer is a magnetic disk drive which includes a rotating 
magnetic disk, a slider that has read and write heads, a suspension arm above the 
rotating disk and an actuator arm that swings the suspension arm to place the read and 
write heads over selected circular tracks on the rotating disk. The suspension arm 
biases the slider into contact with the surface of the disk when the disk is not rotating 
but, when the disk rotates, air is swirled by the rotating disk adjacent an air bearing 
surface (ABS) of the slider causing the slider to ride on an air bearing a slight 
distance from the surface of the rotating disk. When the slider rides on the air bearing 
the write and read heads are employed for writing magnetic impressions to and 
reading magnetic field signals from the rotating disk. The read and write heads are 
connected to processing circuitry that operates according to a computer program to 
25 implement the writing and reading functions. 

An exemplary high performance read head employs a tunnel junction sensor 
for sensing the magnetic field signals from the rotating magnetic disk. The sensor 
includes a nonmagnetic tunneling barrier layer sandwiched between a ferromagnetic 
pinned layer and a ferromagnetic free layer. An antiferromagnetic pinning layer 
30 interfaces the pinned layer for pinning the magnetic moment of the pinned layer 90° 
to an air bearing surface (ABS) wherein the ABS is an exposed surface of the sensor 
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m faces ft. rotating disk. The hmne. junction sensor is '-^ between 
ferromagnetic firs, and second shield layers. Firs, and second .eads, wmch nray be 
te fir,, and second shie.d .aye., are conneced * the Urnne. junction sensor or 
conducing a tunneling curren, —ugh. The runne.ing curren, .conduced 
5 perpendicuiar ,o ,he major film planes (CPP) of me sensor as conned to a spur 
valve sensor where a sense curren, is conducted paraUel to or in me major film pianes 
(OP) of me spin valve sensor. A malefic momen, of me ftee .ayer is free ,o rotate 
upwardly and downward., wim respec ,o me ABS from a quiescen, or zero bras 
poin, position in response ,o positive and negative magnetic field signals from die 
,0 «„ating magnetic disk. The quiescen, position of me magnetic momen, of the free 
,ayer, which is paratiel ,o tire ABS, is when «he tuuneling curren, is conducted 
through me sensor without magnetic field signals from tire rolating magnCte drsk. 
The sensitivity of me tunnel junction sensor is quantified as magnetores.suve 
coefficien, dr/R where or is me change in resistance of me Umnel junction sensor 
,5 torn minimum resisto.ce ,o maximum resistance and R is me resistance of me tunnel 
junction sensor at minimum resistance. 

The first and second shield layers or first and second lead layers may engage 
the bottom and the top respectively of the tunnel junction sensor so that the first and 
second shield layers and/or first and second lead layers serve as leads for conducting 
20 the tunneling current (I T ) through the tunnel junction sensor perpendicular to the 
major planes of the layers of the tunnel junction sensor. The tunnel junction sensor 
has first and second side surfaces which are normal to the ABS. First and second 
hard bias layers are slightly separated by first and second insulation layers from the 
first and second side surfaces respectively of the tunnel junction sensor for 
25 longitudinally biasing and magnetically stabilizing the free layer. This longitudinal 
biasing also maintains the magnetic moment of the free layer parallel to the ABS 
when the read head is in the quiescent condition. 

It should be understood that the hard bias strength of the hard biasing layers is 
very sensitive to the thickness of the aforementioned first and second insulating layers 
30 between the hard bias layers and the side surfaces of the sensor. The first and second 
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Nation .aye. a. usuaHy tin* in order .o ensure sufficient in— betweendte 
first and second hard bias iayers and the sense, When «he rnsulafion . too tinck 
te. is insufficient .ongitudina, field to suppress muludomain actrvrty of the free 
layeI and when too thin the sensor is stiff in its response to fieid signais. Therefore, 
5 an alternative stabi.ization scheme is proposed without use of insuiation between tire 
sensor and the stabilization materials. 

SUMMARY OF THE INVENTION 

The present invention overcomes the aforementioned problems by 
10 longitudinally biasing first and second side portions of the free layer which extend 
laterally beyond the track width of the sensor. The first and second side porhons of 
the free layer are extensions of the active central portion of the free layer and are 
exchange coupled to first and second insulating antiferromagnetic (AFM) layers. In a 
first embodiment of the invention the free layer is at the top of the sensor and first and 
15 second side portions of the top free layer are formed on top of insulating first and 
second antiferromagnetic (AFM) layers so as to be exchange coupled thereto and 
longitudinally biased thereby. In a second embodiment of the invention the free layer 
is at the bottom of the sensor and the first and second insulating AFM layers are 
formed on top of the first and second side portions of the free layer beyond the track 
20 width. The present invention also includes a novel method of making each of the first 
and second embodiments of the invention. 

An object of the present invention is to provide alternative longitudinal 
biasing for a free layer of a tunnel junction sensor which is efficient and uniform 
along the active portion of the free layer without employing thin insulating layers. 
25 Another object is to provide novel and unique methods of making the 

aforementioned read head. 

Other objects and attendant advantages of the invention will be appreciated 
upon reading the following description taken together with the accompanying 
drawings. 

30 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig 1 is a plan view of an exemplary magnetic disk drive- 
Fig. 2 is an end view of a slider with a magnetic head of the disk drive as seen 

in plane 2-2 of Fig. 1; . 

Fig. 3 is an elevation view of the magnetic disk drive wherem multiple disks 

and magnetic heads are employed; 

Fig. 4 is an isometric illustration of an exemplary suspension system for 

supporting the slider and magnetic head; 

Fig 5 is an ABS view of the magnetic head taken along plane 5-5 of Fig. 2; 
Fig. 6 is a partial view of the slider and a merged magnetic head as seen in 
plane 6-6 of Fig. 2; 

Fig. 7 is a partial ABS view of the slider taken along plane 7-7 of Fig. 6 to 
show the read and write elements of the merged magnetic head; 

Fig. 8 is a view taken along plane 8-8 of Fig. 6 with all material above the coil 

1 5 layer and leads removed; 

Fig. 9 is an enlarged ABS illustration of a prior art tunnel junction read head; 
Fig. 10 is a lateral cross-sectional view of sensor material layers with a bilayer 

photoresist mask thereon; 

Fig. 1 1 is the same as Fig. 10 except the sensor material layers have been 
20 milled on each side of a track width and then backfilled with an insulating 
antiferromagnetic (AFM) material; 

Fig. 12 is the same as Fig. 1 1 except the bilayer photoresist has been removed 
and the cap layer has been removed down to the free layer; 

Fig. 13 is the same as Fig. 12 except the second portion of a free layer has 
25 been formed on top of a first portion of a free layer and first and second insulating 
AFM layers and a second lead and a second shield layer have been formed on the 

second free layer portion; 

Fig. 14 is another lateral cross-section of sensor material layers with a bilayer 

photoresist mask thereon; 
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Fig 15 is the same as Fig. 14 except ion milling has been implemented to 
re move exposed portions of me sensor material layers and then baekfilled with an 
insulating antiferromagnetic (AFM) material; and 

Fig. 16 is the same as Fig 15 except the mask has been removed and the 
5 second lead layer and a second shield layer have been formed. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Magnetic Disk Drive 

Referring now to the drawings wherein like reference numerals designate like 
,0 or similar parts throughout the several views, Figs. 1-3 illustrate a magnetic disk dnve 
30 The drive 30 includes a spindle 32 that supports and rotates a magnetrc d.sk 34. 
The spindle 32 is rotated by a spind.e motor 36 that is controlled by a motor 
controller 38. A slider 42 has a combined read and write magnetic head 40 and ,s 
supported by a suspension 44 and actuator arm 46 mat is rotatably positioned by an 
, 5 actuator 47. A plurality of disks, sliders and suspensions may be employed m a large 
capacity direct access storage device (DASD) as shown in Fig. 3. The suspension 44 
and actuator arm 46 are moved by tire actuator 47 to position the slider 42 so that the 
magnetic head 40 is in a transducing relationship with a surface of the magnetic drsk 
34 When the disk 34 is rotated by the spindle motor 36 the slider is supported on a 
20 thin (typically, .05 pm) cushion of air (air bearing) between the surface of the d,sk 34 
and the air bearing surface (ABS) 48. The magnetic head 40 may men be employed 
for writing information to multiple circular tracks on the surface of the d,sk 34, as 
well as for reading information therefrom. Processing circuitry 50 exchanges signals, 
representing such information, with tire head 40, provides spindle motor drive signals 
25 for routing the magnetic disk 34, and provides control signab to tire actuator 47 for 
m0 ving tire slider to various tracks. In Fig. 4 the slider 42 is shown mounted to a 
suspension 44. The components described hereinabove may be mounted on a frame 
54 of a housing 55, as shown in Fig. 3. 
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Fig 5 is an ABS view of the slider 42 and the magnetic head 40. The slider 
h as a center rail 56 that supports the magnetic head 40, and aide rails 58 and 60. The 
rails 56 58 and 60 extend from a cross rail 62. With respect ,0 rotaUon of the 

. a « i« at a leading edge 64 of the slider and the 

magnetic disk 34, the cross rail 62 is at a leaning eu B 

magnetic head 40 ia at a trailing edge 66 of the slider. 

Fig 6 is a side cross-sectional elevation view of a merged magnetic head 40 
whic b includes a write head portion 70 and a read head portion 72, the read head 
portion employing a name, junction sensor 74 of the present invention Fg 7 «an 
ABS view of Fig. 6. The tumte. junction sensor 74 and a nonmagnetic **** 
nonconductive insulation layer 76 are sandwiched hetween ferromagnetic firs, and 
^shieldlayersSOandS, ,n msponse to extern, magnetic fie,* 
ofth espinva,vesensor74changes. A tunneling current (It) conducted through the 
sensor causes these resistance changes to he manifested as potential change, These 
potential changes are the. processed as readback signals hy the processing « 
50 shown in Fig. 3. The tunneling current (M may be conducted through the timne 
junction sensor 74 perpendicular to the planes of its film surfaces by the first and 
second shield layers 80 and 82 which may serve as fir* and second lead, Since Ore 
first shield layer 82 and the first pole piece layer 92 am a common layer the read and 
write head assembly in Fig. 6 is referred to in the art as a merged head. In a 
, piggyback head the second shield layer 82 and the firs, pole piece layer 92 are 
separate layers which are separated by a nonmagnetic isolation layer. 

The write head portion 70 of the magnetic head 40 inc.udes a cotl layer 84 
sandwiched between first and second insulation .ayers 86 and 88. A third insulation 
iayer 90 may be employed for planarizing the head to eliminate ripples in the *cond 
!5 illation layer caused by the coil layer 84. The first, second and tad — n 
,ayers are refermd to in the art as a* Wafion suck". The cod layer 84 and th 
fil, second and third insulation layers 86, 88 and 90 are sandwiched etween firs 
and second pole piece layers 92 and 94. The first and second po.e piece layers 92 an 
94 are magnetically coupled at a back gap 96 and have first and second pole tips 98 
30 and 100 which are separated by a write gap layer 102 at the ABS. As show, in Figs. 
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2 and 4, firs, and second solder connections 104 and 106 connect leads from the spin 
valve sensor 74 to leads 112 and 114 on the suspension 44, and ted and four* 
snder connections 1 16 and 118 connect leads 120 and 122 from the coil 84 (see F.g. 
10) to leads 124 and 126 on the suspension. 
5 Fig 9 is an enlarged ABS illustration of the read head portion shown in F.g. 7. 

The read head 40 includes the tunnel junction sensor 74. First and second insu.at.on 
.avers 127 and 128, such as alumina (AhO,), cover the firs, shield layer 80 on each 
side of the tunnel junction sensor 74 as well as slightly covering first and second s.de 
walls 130 and 132 of the sensor. First and second hard bias layers 134 and 136 are on 
,0 the insulation layers 127 and 128 and are adjacent the side walls 130 and 132. The 
hard bias layers 134 and 136 apply longitudinal field to the sensor 74 for suppress™ 
of magnetic domain activity. The sensor 74 and the first and second hard bias layers 
134 and 136 are located between ferromagnetic first and second shield layers 80 and 
82 which may serve as leads for conducting the tunneling current (It) through the 
15 sensor 74. 

The longitudinal biasing strength on the free layer (not shown) of the tunnel 
junction sensor 74 is highly sensitive to the thickness of the firs, and second 
insulation layers 127 and 128. If the thickness of these layers is too th.n there .s a 
risk of shorting of the tunneling current (It) from the tunnel junction sensor 74 ,o the 
20 hard bias layers 134 and 136. If the insulation layers 127 and 128 are too thick then 
.here will be insufficient longitudinal biasing of the free layer in the tunnel junctton 



sensor 



25 



30 



The track width of the read head is typically formed with a bilayer photoresist. 
After forming sensor material layers a first layer of photoresist is applied by spin 
coating photoresist on the wafer and then subjecting it to a soft bake to remove 
casting solvents. Next, a second photoresist layer is spun onto the wafer and soft 
baked The first and second photoresist layers are then subjected to a dissolver, 
which is a basic solution. The dissolver first dissolves the light exposed portions of 
the second photoresist layer down to the first photoresist layer and then proceeds to 
dissolve the first photoresist layer causing an undercut below the second photoresist 
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fcyer. The dissolution is terminated when a desired undercut is obtained .with , the 
JLnd photoresist layer overhanging the first photoresist .aver on each ,de of the 
« photoresist layer. According.,, the width of dte second photores*. layer define 
the track width of the read head and the firs, photoresist layer pemms the firs, and 
second photoresist layers to be lifted off with any layers deposited thereon. 

The Invention 

Figs 10-13 illustrate various steps in a first method of making a firs, 
embodimen, of me presen, read head which is UtasWed in Fig. 13. F,g. ,0 ts a 
lateral cross-section view of sensor material .ayers 200 which are formed on a wafer 
(„„, shown). A ferromagnetic firs, shie.d layer (SI) 202, which may be tire same as 
the firs, shield layer 80 in Figs. 6 and 7, is fotmed on me wafer, a firs, lead layer (LI 
204 is formed on tire firs, shield layer, an antiforomagnetic (AFM) pinning layer 206 
is formed on me firs, lead layer, a pinneu layer (P) 208 is formed on the pinning layer 
and is exchange coupled thereto so ,ha, a magnetic moment 210 of the pinned layer . 
pinned perpendicular to the ABS, a nonmagnetic and tunneling bamer layer (B) 212 
is formed on me pinned layer, a firs, portion of a ftee layer (Fl) 214 is formed on me 
barrier layer and a nonmagnetic cap layer 216 is formed on tire firs, portion of the ftee 
layer On top of me sensor material layers 200 a bilayer photoresist mask 218 ,s 
formed which has a width for defining me track width (TW) of me read head. 

Fig. 1 1 is the same as Fig. 10 except ion milling has been implemented to null 
through me barrier layer. The milling can be stopped anywhere as long as i, passes 
tire barrier layer. An insulating antiferromagnetic (AFM) material has been backfilled 
to form first and second insulating antiferromagnetic (AFM) layers 224 and 226 
which are on top of tire firs, and second lead portions 220 and 222 and are contiguous 
with firs, and second side surfaces of the remaining sensor material layers. The 
preferred insulating AFM material for tire layers 224 and 226 is nickel oxide (NtO). 



25 



SJO920000165US1 9 

Fig ,2 is the same as Fig. 1 1 except the mask 2.8 has been amoved and t ft. 

Z means such as sputter etching. This then provides the fiee layer port™ 

with a top surface 228 and the first and second AFM layers with top surfaces 230 and 

" 2 is the sanrc as Fig. .2 except a second portion or the fiee layer <F2) 

23 4 is formed on top of me top surface 228 of .he firs, portion of the fiee .abandon 
top of the top surface portions 230 and 232 of the first and second msuiann g AFM 
.ayers Mowed by forming a second .ead iayer (L2) 236 and a second shreld .ayer 
, (S2) 238 on the second portion (F2)ofthe fiee layer 234. 

It « be seen mat the second portion of the fiee layer (F2) 234 has a central 
portion 240 which is magnetically coupled to the firs, portion of the fiee layer (F. 
2.4 in fine active track width region aod has firs, and second side porttons 242 and 
244 which extend from the centra, portion 240 beyond fire mack width and are 
5 exchange coupled to the first and second insulating AFM .aye* ,224 and226 
Magnetic spins of the first and seeond insulating AFM layers 224 and 226 are 
oriented so that magnetic moments 246 mi 248 of the first and seeond side porttons 
of the second free layer (F2) are oriented from right to left or ftom left to nght, as 
shown in Fig. .3, paraUe. to fire ABS and pa*, to me major thin Aim surfaces o 
20 the layer, This causes magnetic moments 250 of the firs, and seeond free layers (F ) 
and (F2) 214 and 240 to be oriented in Ae same manner for longitudinally biasing the 
ftee .ayers 214 and 240 so ttra. fltey are uniformly longftudinaUy biased across fire 
tmck width of the read head. The read head in Fig. .3 may be employed as fire read 

head 72 shown in Fig. 6. 
25 Figs 14-.6 illustrate various steps in another method of the present mventton 

for making another embodiment of the present rend head, as shown in Fig. 16. As 
shown in Fig. .4, sensor material layers 300 are formed on a wafer (not shown) by 
any suitable means such as ion beam sputtering. A ferromagnetic first shteld layer 
(SI) 302 is first formed on the wafer, a firs, lead layer (LI) 304 is formed on the first 
30 shield layer, a free layer (F) 306 is formed on the firs, lead faycr, a tunneling barner 
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layer (B) 308 is formed on the free layer, a ferromagnetic pinned layer 310 is formed 
„„ me barrier layer, an anUferremagnetic (AIM) pinning layer 312 is formed on me 
pinned layer 3 10 and is exchange coupled thereto for pinning a magnetic moment 314 
of the pinned layer perpendicular to the ABS and a nonmagnetic cap layer 316 ts 
5 formed on the pinning layer. On top of the sensor materia, layers mere is formed a 

bilayer photoresist mask 318 which has a width that defines a track width (TW) of the 

read head. 

Fig 15 is the same as Fig. 14 except ion milling has been implemented to 
remove portions of the sensor material layers exposed beyond the mask 318 down to 
10 the free layer 306 and then the milled portions have been backfilled with an insulating 
antiferromagnetic (AFM) material to form first and second insulating 
antiferromagnetic (AFM) layers 320 and 322. The first and second insulating AFM 
layers 320 and 322 interface and are exchange coupled to top surfaces of the first and 
second side portions 324 and 326 of the free layer which extend laterally beyond a 
15 central active portion 328 of the free layer beyond the track width of the read head. 
The magnetic spins of the first and second insulating AFM layers 320 and 322 are 
oriented so that magnetic moments 330 and 332 of the first and second side portions 
of the free layer are oriented from right to left or from left to right, as shown in Fig. 
15, parallel to the ABS and parallel to the major thin film planes of the layers. This 
20 then causes a magnetic moment 334 of the central active portion of the free layer to 
be oriented in the same manner so as to uniformly longitudinally bias the central 
portion of the free layer to make it magnetically stable. 

Fig. 16 is the same as Fig. 15 except a second lead layer (L2) 336 and a 
second shield layer (S2) 338, which may be the same as the second shield layer 82 in 
25 Fig. 6, are formed on top of the cap layer 216 and the first and second insulating 
AFM layers 320 and 322. The magnetic head shown in Fig. 16 may be employed as 
the magnetic head 72 in Fig. 6. The preferred material for the insulating AFM layers 
320 and 322 is nickel oxide (NiO). 
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Discussion 

Preferred materials are nickel iron (NiFe) for the free layers, cobalt iron 
(CoFe) for the pinned layers, alumina (A1 2 0 3 ) for the barrier layers, tantalum (Ta) for 
the cap layers, copper (Cu) or gold (Au) for the lead layers and Sendust for the slueld 
layers It should be understood that the invention also includes a current 
perpendicular to the planes of the layers (CPP) type of sensor where a nonmagnetic 
electrically conductive spacer layer is substituted for the barrier layer. The preferred 
material for such a spacer layer is copper (Cu). 

Clearly, other embodiments and modifications of this invention will occur 
readily to those of ordinary skill in the art in view of these teachings. Therefore, this 
invention is to be limited only by the following claims, which include all such 
embodiments and modifications when viewed in conjunction with the above 
specification and accompanying drawings. 
We claim: 
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